The extraction of metal ions (Cu(I I ), Co(II ), Ni(I I ), Zn(II ), Pb(II ), Fe(I I I)) with hydrophobic 5-dioctylaminomethyl-8-quinolinol (HN8Q) and 5-octyloxymethyl-8-quinolinol (HO8Q), which were newly synthesized, was investigated. Copper(II) was completely extracted with 0.01 mol dm-3 HN8Q or HO8Q into chloroform even at pH 1.9, while cobalt(I I ), nickel(l I ), lead(II ), and zinc(II) were not extracted at all under the same conditions. The extraction rate for copper() l) with these extractants was large, whereas the rates for other metal ions were remarkably small at the same pH region. The complete separation of copper(II) from iron(Ill) was acieved by adjustng pH to 1.9 for the extraction and subsequently stripping copper(ll) from copper(ll)-HO8Q in chloroform with 0.5 mol dm-3 nitric acid solution. The extraction-pH curves for copper(II) shifted to a lower pH region with increasing the number of carbon atoms of alkyloxymethyl or dialkylamino groups.
Despite its low selectivity for the extraction of metal ions, 8-quinolinol has proven to be a very valuable extractant for the separation and pre-concentration of many metal ions.
Recently, hydrophobic extractants have become of interest for the selective separation of metal ions by means of solvent extraction method. Kelex 100' (7-(1-vinyl-3,3,6,6-tetramethylhexyl)-8-quinolinol) with a hydrophobic substituent at 7-position of 8-quinolinol is chracterized by the large distribution constant (lOs.s) between chloroform and water.2 The origin of the selectivity for copper(II) over iron(III) was ascribed to the difference in the extraction rate at lower pH. 3 Ide et al. 4 studied the equilibrium of the liquidliquid extraction of divalent metal ions with sulfonamide extractants having a hydrophobic substituent. They found that copper(II) was extracted with 1,2-bis(octanesulfonamide)benzene at relatively lower pH values by forming the coordinately-unsaturated Cu(L)(H20)2 complex. 4 In general, the presence of the water molecules in coordinately-unsaturated sphere of a metal complex weakens the extractability, as occurs for the magnesium(II)-8-quinolinol complex. It seems that an increase of hydrophobicity of extractant enhances the extractability of a coordinately-unsaturated complex.
In this work, the hydrophobic effect of various substituents at 5-position  of 8-quinolinol  such as  methoxymethyl, propyloxymethyl, octyloxymethyl, dipropylaminomethyl, dibutylaminomethyl, or dioctylaminomethyl groups on a copper(II) extraction in acidic medium was compared with that of Kelex 100.
Experimental
Reagents Synthesis of 5-dioctylaminomethyl-8-quinolinol. The mixture of 4.6 g of 5-chloromethyl-8-quinolinol hydrochlorides and 24 g of dioctylamine in 50 cm3 of hexane was refluxed for 10 h. After reflux, the precipitate was filtered off while warm. Then 200 cm3 of 0.05 mol dm-3 hydrochloric acid was added to the filtrate. The precipitate of the dioctylamine hydrochloride which formed was filtered off. The orange and oily organic layer was washed three times with 200 cm3 of water. After evaporation of hexane, a greenish orange oily product was obtained. 5-propyloxymethyl-8-quinolinol (HO3Q), 5-methoxymethyl-8-quinolinol (HOQ), 5-dipropylaminomethyl-8-quinoliol (HN3Q), and 5-dibutylaminomethyl-8-quinolinol (HN4Q) were synthesized by the method of Kolobielski.5 The structure of 5-alkyloxymethyl-8-quinolinol and 5-dialkylaminomethyl-8-quinolinol was shown in Fig. 1 . Organic solvent.
Chloroform of reagent grade was distilled and saturated with redistilled water before use. Stock solution of metal ions.
The stock solutions of copper(II), cobalt(II), nickel(II), zinc(II), lead(II), and iron(III) ions were prepared by dissolving a weighed amount of a reagent-grade metal nitrate. Their concentrations were determined by EDTA titration using appropriate indicators.
All the other reagents were of guaranteed reagent quality.
Apparatus
A Hitachi 200-10 type automatic-recording absorption spectrophotometer was used to measure the absorption spectra of the complexes. The metal ion concentration in the aqueous phase was determined with a Hitachi 170-30 type atomic absorption spectrophotometer with an air-acetylene flame. The pH measurements were made using a Hitachi Horiba M-7 type pH meter. The automatic shaker (Yamato Co. Ltd.) was used for the shaking.
Procedure for the extraction A 7-cm3 portion of a (2.0-4.0)X10-5 mol dm-3 metal ion solution was placed in a 20-cm3 glass vial fitted with a glass stopper. The pH of the metal ion solution was adjusted with the nitric acid solution and the sodium hydroxide solution. To each solution, a 7 cm3 portion of a chloroform solution of a given concentration of extractant was added. The solutions were vigorously shaken for 60 min. After the phases had been allowed to separate, the pH of the aqueous phase was measured.
The distribution ratio and the extractability of metal ions were determined by measuring the metal ion in the aqueous phase by means of atomic absorption spectrophotometry.
The metal ion concentration in the organic phase was calculated by subtracting the aqueous concentration from the initial concentration. The ionic strength was adjusted to 0.5 mol dm 3 with sodium nitrate.
Procedure for the determination of copper(II)
A 7-cm3 portion of a sample solution containing up to 58 µg was placed in a 20-cm3 glass vial. To each solution, a 7 cm3 portion of a chloroform solution of 1.OOX 10-2 mol dm 3 extractant was then added. The pH of the solution was adjusted to 1.9 before placing the copper(II) solution in a glass vial. The solutions were vigorously shaken for 5 min. After the phase separation, the organic phase was dried with sodium sulfate unhydrous. Then some portions of the organic phase were transferred to a l0-mm cell, and the absorbances were measured at 410 nm against a reagent blank.
Results and Discussion
Extraction of metal ions with 5-octyloxymethyl-8-quinolinol or 5-dioctylaminomethyl-8-quinolinol The effect of pH of the aqueous phase on the extractability of copper(II), cobalt(II), nickel(II), zinc-(II), lead(II), and iron(III) with 5-dioctylaminomethyl-8-quinolinol into chloroform was represented in Fig. 2 . Nickel(II), cobalt(II), zinc(II), and lead(II) were not extracted below pH 1.0 at all.
Copper(II) was extracted completely even at pH 1.0. The complete separation of copper(II) from all these metal ions except iron(III) was possible. As shown in Fig. 2 , about 30% of iron(III) was extracted.
Obviously, iron(III) was able to separate from zinc(II) and lead(II) under the above conditions. The pHl/2 values for the 50% extraction of metal ions with 5-dioctylaminomethyl-8-quinolinol, as shown in Fig. 3 , are lower than those with 5-octyloxymethyl-8-quinolinol.
Separation of copper(II) from iron(III)
In order to separate copper(II) from iron(III) completely, we examined the effect of the shaking time on the extraction of copper(II) and iron(III) with 5-dioctylaminomethyl-8-quinolinol or 5-octyloxymethyl-8-quino- linol, and on the stripping of these metal ions from these extracted complexes with the 0.05 mol dm3 nitric acid solution after shaking for 3 min, the extraction of copper(II) with 0.01 mol dm-3 5-octyloxymethyl-8-quinolinol at pH 1.9 was complete; on the other hand, the extractability of iron(III) was less than 5% (Fig. 4) . The rate of the iron(III) extraction was fairly small. This extraction was not equilibrated even after shaking for 2 h. The complete separation of copper(II) from For the copper(II)-HN8Q and iron(III)-HN8Q complexes, similar results were obtained.
Spectrophotometric determination of copper(II)
The absorption spectra of the copper(II)-HO8Q and copper(II)-HN8Q complexes extracted into chloroform were found to be very similar to that of copper(II)-8-quinolinol, Cu(Q)2. The molar extinction coefficients of the copper(II)-HO8Q and copper(II)-HN8Q complexes in chloroform at the absorption maxima of 410 nm were to be 7.9X103 and 5.1X103 mol-' dm3 cm-', respectively. Also, the molar extinction coefficients of the iron(III)-HO8Q and iron(III)-HN8Q complexes at 410 nm were determined to be 3.5X103 and 1.7X l03 mol-' dm3 cm', repectively. According to the above proposed procedure, the determination of 22.2 to 57. oxymethyl-8-quinolinol probably participitate in the extraction of one copper(II) ion; here the subscript o refers to the organic phase. As shown in Fig. 7 , the straight line with a slope of 2.0 was obtained by plotting log D vs. pH in the pH range from 0.5 to 1.5. The extracted species is perhaps a 1:2 copper(II) complex, Cu(08Q)2, because the stoichiometry of the extracted copper(II) complexes with 8-quinolinol or Kelex 100 was given as CuQ2.2'7 In contrast to 5-octyloxymethyl-8-quinolinol, as represented in curve (B) in Fig. 6 , a plot of log D vs. log[HN8Q]° at pH 0.62 gave the straight line with a slope of 1.0, explaining that one molecule of 5-dioctylaminomethyl-8-quinolinol is responsible for the extraction of one copper(II) ion. As well as for 5-octyloxymethyl-8-quinolinol, a plot of log D vs. pH for 5-dioctylaminomethyl-8-quinolinol gave a straight line with a slope of 2.0 (Fig. 8) . Unfortunately, at the present stage, the composition of the extracted copper(II)-HN8Q complex was not confirmed.
The effect of the number of carbon atoms of an alkyl group in 5-alkyloxymethyl-8-quinolinol or 5-dialkylaminomethyl-8-quinolinol on the extractability of copper(II) was examined. The results are shown in For the highly selective separation and spectrophotometric determination of copper(II), 5-octyloxymethyl-8-quinolinol and 5-dioctylaminomethyl-8-quinolinol will be valuable because of the fairly small distributions into water at the lower pH and because of the ease of synthesis.
